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1 . 0  INTRODUCTION 

The t e s t i n g  of a hardware system c o n s i s t s  of sub jec t ing  it 

t o  c a r e f u l l y  c o n t r o l l e d  operat ing cond i t ions  f o r  t h e  purpose of 

demonstrating t h a t  t h i s  system performs i t s  funct ion properly.  

It fol lows then ,  t h a t  t h e r e  i s  a c e r t a i n  r i s k  i nhe ren t  i n  

every hardware t e s t  program. 

The immense s i z e  and complexity of major space systems, t o -  

gether  with t h e  p r e s s  of t i g h t  schedules have g r e a t l y  increased 

t h i s  r i s k .  

Reduced t o  t h e  s implest  of terms, t h e r e  a r e  f o u r  e s s e n t i a l  

requirements p r e r e q u i s i t e  f o r  i n c r e a s i c g  t h e  p r o b a b i l i t y  of a 

success fu l  t e s t  program. These inc lude  : 

1. The t e s t  procedures should be analyzed t o  ensure t h a t  

t hey  do not set up condi t ions t h a t  a r e  hazardous t o  t h e  

sys tem. 

2. P o s i t i v e  con t ro l  should be exe rc i sed  t o  ensure t h a t  

d e v i a t i o n s  from t h e  procedures a r e  l i m i t e d  and t h a t  

d e v i a t i o n s  which must be implemented a r e  thoroughly 

analyzed t o  ensure t h a t  t hey  d o  n o t  s e t  up a s e r i e s  of 

events  t h a t  are  out  of proper sequence. 

3. The d e s i r e d  configuration of t h e  system f o r  each s p e c i f i c  

t e s t  must be known and p o s i t i v e  s t e p s  should be taken 

t o  ensure t h a t  t h e  system i s  i n  t h e  d e s i r e d  conf igu ra t ion  

be fo re  beginning t h e  t e s t .  
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4. The test crew should have a thorough understanding of 

the mechanics of each test and what it is to demonstrate. 

There are a great number of detailed requirements which, if 

adhered to, should greatly reduce the r i s k  associated with testing 

a system. 

document. 

Many of these requirements have been included in this 

Others w i l l  be added as they are identified. 

Most of the above comments also apply to maintenance, handling, 

and operation activities, all of which are included in this document. 
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2.0 SCOPE 

This handbook has been prepared t o  desc r ibe  t h e  t y p i c a l  

problem areas and equipment within t h e  Saturn System, t h a t  ex- 

per ience has shown t o  require  s p e c i a l  a t t e n t i o n ,  i f  hazards are 

t o  be avoided o r  eliminated during t e s t ,  maintenance and operat ion.  

It i s  n o t  intended t h a t  t h i s  handbook levy new design r equ i r e -  

ments a g a i n s t  a w e l l  e s t ab l i shed  system; r a t h e r  t h e  contents  a r e  

c o n s i s t e n t  with t h e  present  s ta te  of t h e  Saturn development, and 

apply only t o  t h e  remainder of t h e  progrsm as a guide. 

Suggestions f o r  addi t ions t o  t h i s  handbook a r e  welcome and 

new information w i l l  be added as it becoxes ava i l ab le .  
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3.0 FUNCTIONAL ACTIVITIES 

3.1 GENERAL 

One of t h e  funct ions af t h e  System S a f e t y  Engineer i s  t o  

determine t h a t  c e r t a i n  conditions exis t  during t h e  performance of 

t h e  t e s t  program o r ,  i n  t h e  event t h a t  he i d e n t i f i e s  an out-of- 

t o l e rance  cond i t ion ,  t o  i n i t i a t e  a c t i o n  as r equ i r ed  by h i s  respec- 

t i v e  management d i r e c t i v e s .  

i n  t h e  fol lowing paragraphs. 

3.1.1 Configuration Establishment 

Some of t h e s e  condi t ions are l i s t e d  

The t e s t  a r t i c l e  should be i n  a baseline configurat ion when 

it i s  i n s t a l l e d  i n  t h e  t e s t  stand. Theye may be a d d i t i o n a l  base- 

l i n e s  e s t a b l i s h e d  as a r e s u l t  of t h e  a d d i t i o n  o r  removal of t e s t  

hardware. 

l i n e s  and should conclude with t h e  r e s t o r a t i o n  of t h e  system t o  

one of t h e s e  b a s e l i n e s  or es tabl ishment  of a new base l ine  s o  t h a t  

t h e r e  i s  a known s t a r t i n g  p o i n t  f o r  t h e  nex t  t e s t .  

3.1.2 Procedure Analysis 

Each t e s t  procedure should begin a t  one of t h e s e  base- 

Test ,  maintenance, or opera t ing  procedures should be analyzed 

t o  ensure t h a t  none of the s t e p s  on t h e  procedure sets up a con- 

f l i c t i n g  o r  out-of-ser ies  event t h a t  t h e  system cannot t o l e r a t e .  

3.1.3 Adequacy of Procedures 

A l l  t e s t  procedures should be en t i r e ly  adequate;  t hey  should: 

A. Contain system schematics f o r  t h e  t e s t  setup i n  ques t ion .  

B. Provide v e r i f i c a t i o n  blocks.  



C .  

D. 

E. 

F. 

G. 

Include statements of personnel and equipment schematics. 

Include caution and warning blocks which provide adequate 

information, marked in such a way as to minimize the 

possibility that they w i l l  be ignored. 

Not require the use of supporting documentation. 

Contain an itemized listing by part number, of tools, 

instruments, and test equipment required to support per- 

formance of the test. 

Contain requirements for the removal of test equipment 

installed f o r  performance of tests, i.e., return to basic 

configuration. 

3.1.4 Deviations from Procedures 

There should be no deviations from the procedures except those 

specifically authorized by personnel having the capability and the 

responsibility for taking such actions; further, any deviations 

which do occur should be permanently logged. 

3.1.5 Overlapping Procedures 

Any procedures which may overlap should be integrated into a 

single procedure such that the overlap is rigidly controlled. 

3.1.6 Backout Procedures 

Any test leading to conditions which might require emergency 

or backout procedures should have these Procedures properly designed 

and readily accessible f o r  use at any time during the test without 

delay. 
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3.1.7 Test Respons ib i l i t y  

During every t es t  there  should be one t e s t  conductor who i s  

completely r e spons ib l e  f o r  both t h e  t e s t  and t h e  hardware i t s e l f ,  

and i s  r e a d i l y  a v a i l a b l e  t o  t h e  t e s t  crsw f o r  advice o r  dec i s ions .  

3.1.8 System Operating Data 

Data on a l l  a c t i v e  systems should be recorded during a l l  

t e s t i n g  f o r  t h e  purpose of r econs t ruc t ing  t h e  a c t u a l  t e s t  cond i t ions  

i n  t h e  event t h a t  any accident  o r  i n c i d e n t  occurs.  

3.1.9 Personnel C e r t i f i c a t i o n  

Tasks r e q u i r i n g  c e r t i f i c a t i o n  shonld be performed only by 

c u r r e n t l y  q u a l i f i e d  and c e r t i f i e d  personnel.  

3.1.10 S h i f t  Changes 

"hen  p r a c t i c a b l e ,  t he re  should be no s h i f t  changes du r ing  any 

given t e s t ;  i f  s h i f t  changes are necessary,  t h e y  should be c o n t r o l l e d  

by s h i f t  ove r l aps ,  l o g  e n t r i e s ,  and acceptance of t h e  t r a n s f e r r e d  

r e s p o n s i b i l i t y .  

3.1.11 Action f o r  Minimum Hazard 

Members of t h e  t es t  crew who a r e  r equ i r ed  t o  make d e c i s i o n s  

should be i n d o c t r i n a t e d  with t h e  philosophy of always making t h e i r  

dec i s ions  i n  t h e  d i r e c t i o n  of minimum hazard. 

3.1.12 Sa fe ty  Checkl is ts  

S a f e t y  c h e c k l i s t s  should be included as p a r t  of each procedure 

and should be r i g i d l y  adhered to .  



. -  

3.1.13 Tes t  Stand Communication 

Tests r e q u i r i n g  intercom-type comm;lnications should be 

minimized and tes ts  which do r e q u i r e  t h i s  t ype  of equipment should 

include a checkout of t h e  intercom system as one of t h e  i n i t i a l  

s t e p s  of t h e  procedure. 

3.1.14 Oral I n s t r u c t i o n s  during T e s t i n q  

Procedures which contain i n s t r u c t i o n s  t o  be given o r a l l y  

during t h e  t e s t  which a r e  phone t i ca l ly  s imilar  t o  o t h e r  reasonable  

i n s t r u c t i o n s  should explain t h e s e  i n s t p x t i o n s  i n  s u f f i c i e n t  d e t a i l  

t o  reduce t h e  p r o b a b i l i t y  of wrong ac t ion .  
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3.2 TEST PARTICIPATION 

The System Safety Engineer should participate in all major 

tests on an advisory basis for the purpose of identifying hazards, 

establishing risk levels and making recommendations for alternative 

methods. He should be readily available during all testing. 
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3.3 FAILURE ANALYSIS 

The System S a f e t y  Engineer should ensure t h a t  a l l  component 

f a i l u r e s  are analyzed t o  determine: 

A .  Whether t h e  f a i l u r e  i n  quest ion could have had a 

d i f f e r e n t  e f f e c t  had it happened a t  some o t h e r  t i m e  

du r ing  t h e  t e s t i n g ,  

P o t e n t i a l  impact of such a f a i l u r e  on t h e  s a f e t y  of 

t h e  o p e r a t i o n a l  system, 

B. 

and t o  provide a feedback of t e s t  ope ra t ions  t o  t h e  pa ren t  System 

S a f e t y  Organization. 

support  t o  f a i l u r e  analyses. 

He should c o n t r i b u t e  t h e  m a x i m u m  amount of 
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3.4 ACCIDENT/INCIDENT INVESTIGATION 

The basic purpose of an acc iden t / inc iden t  i n v e s t i g a t i o n  i s  t o  

consider every p o s s i b l e  f a c t o r  causing o r  con t r ibu t ing  t o  t h e  

acc iden t  o r  i n c i d e n t  such t h a t  similar occurrences can be pre-  

vented i n  t h e  fu tu re .  An accident  u s u a l l y  r e s u l t s  from s e v e r a l  

con t r ibu t ing  even t s  r a t h e r  than from a s i n g l e  cause. 

Sa fe ty  should be represented on t h e  i n v e s t i g a t i o n  board. 

board member t h e  System S a f e t y  Engineer has t h e  r e s p o n s i b i l i t y  of 

i n f luenc ing  t h e  board,  i n s o f a r  as i s  p o s s i b l e ,  t o  consider  a l l  

p o s s i b l e  causes and not  overlook any p o s s i b l e  con t r ibu t ing  f a c t o r .  

System 

A s  a 
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4.0 SYSTEM REQUIREMENTS 

4.1 GENERAL 

The system requirements l i s t e d  i n  this sec t ion  are those  

requirements which are appl icable  t o  mere than one system or 

which a r e  a p p l i c a b l e  t o  systems having no d i r e c t  a s s o c i a t i o n  wi th  

t h e  veh icu la r  systems. 

4.1.1 I n t e r l o c k s  

I n t e r l o c k s  should be provided t o  preclude concurrent ope ra t ion  

of incompatible subsystems within a system o r  between two sepa ra t e  

systems. 

4.1.2 Remote Operations 

Since computers and switches can and do cause mechanical 

funct ions t o  occur a t  remote l o c a t i o n s ,  it i s  imperative f o r  

s a f e t y  t h a t  proper  interfaces exis t  between t h e  system i n  quest ion 

and (1) o t h e r  systems, o r  ( 2 )  personnel  who might be a f f e c t e d  by 

these  mechanical functions.  A l l  a c t i v i t i e s  should be i n t e g r a t e d  

wi th  t h e  Test Sequence Order i n  o rde r  t o  maintain t h e  i n t e r f a c e .  

4.1.3 Sa f ing  of Solenoid Valves 

Certain solenoid valves i n  va r ious  systems could r e a d i l y  

c r e a t e  a hazard a t  a remote a r ea  i f  i n a d v e r t e n t l y  a c t i v a t e d .  

systems a r e  sometimes safed with a manual valve i n  series with t h e  

solenoid valve.  When t h i s  i s  done, t h e  i n i t i a l  hazard i s  removed 

b u t  t h e r e  may be another hazard c r e a t e d  i f  t h e  manual valve i s  n o t  

i n  t h e  proper p o s i t i o n  a t  t h e  beginning of a t e s t .  

t h e s e  s i t u a t i o n s ,  pos i t i ve  c o n t r o l  must be e s t a b l i s h e d  t o  ensure 

t h a t  t h e  manual va lves  a r e  i n  t h e  proper  p o s i t i o n  a t  t h e  beginning 

of each tes t .  

These 

Therefore ,  i n  
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4.1.4 Switch Guards 

All t ogg le  switches i n  c r i t i c a l  system c o n t r o l  panels  should 

be guarded t o  prevent  inadvertent  operat ion.  

4.1.5 S a f e t y  Valve Validation 

No system requ i r ing  a p re s su re  r e g u l a t o r ,  pressure reducing 

va lve ,  s a f e t y  v a l v e ,  or pressure r e l i e f  valve should be a c t i v a t e d  

un le s s  a l l  assemblies are  i n  p l ace  and v a l i d a t e d  as operable.  

4.1.6 Main Power Loss  

Any a u x i l i a r y  power source and sw",tching c a p a b i l i t y  provided 

t o  run f i r e  deluge pumps, escape p r o v i s i o n s ,  l i g h t i n g ,  hazard 

d e t e c t i o n ,  and warning systems during an  emergency when m a i n  power 

i s  l o s t ,  should be i d e n t i f i e d  and v e r i f i e d  as operable before  

beginning any t e s t  s e r i e s .  
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4.2 ELECTRICAL 

4 .2 .1  Connector Mismates 

Under i d e a l  condi t ions,  a l l  connectors should be s i z e d  o r  

One keyed such t h a t  misconnections are p h y s i c a l l y  impossible. 

poss ib l e  a l t e r n a t e  t o  t h i s  i s  t o  s i z e  t h e  connectors corresponding 

t o  t h e i r  l o c a t i o n  or function and t o  key t h e  connectors d i f f e r e n t l y  

within t h e s e  groups. 

mismated or temporary mismating w i l l  cause no damage because t h e  

types of connectors which can be mismated are l imi t ed .  

t h i s  has no t  been done  i n  t h e  Saturn System, s p e c i a l  a t t e n t i o n  

must be given t o  t h e  proper mating and v e r i f i c a t i o n  of connectors 

before  power i s  app l i ed  t o  t h e  system. 

4.2.2 Method for Connecting 

I n  t h i s  way e i t h e r  t h e  connectors cannot be 

Since 

When connecting operations a r e  being performed, each connector 

should be in spec ted  t o  assure they  a r e  t h e  proper  mates and each 

connection should be made, disconnectea,  i n spec ted ,  and remade 

t o  preclude t h e  occurrence of undesired events  r e s u l t i n g  from ben t  

o r  otherwise damaged pins.  

4.2.3 N I X  Contacts 

E l e c t r i c a l  con tac t  po in t s  which cculd be connected du r ing  

system t e s t  b u t  which never should be connected because t h e i r  

connection w i l l  c r e a t e  an unsafe condi t ion should be p o s i t i v e l y  

i d e n t i f i e d  by color-coding or o t h e r  means. 

sometimes c a l l e d  N I X  contacts.  ) 

(These p o i n t s  a r e  
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4.2.4 Abnormal Contacts 

The operat ion and use of switches,  cab le  connectors,  and 

junc t ions  po in t s  should be such a s  t o  prevent  e l e c t r i c a l  contac ts  

being made o the r  than those des i r ed  f o r  normal system operat ions.  

4 .2 .5  Switch Act ivat ions 

E l e c t r i c a l  switches which a r e  temporar i ly  deac t iva ted  f o r  

reasons of s a f e t y  should be tagged with "Danger" t ags  or locked out .  

4.2.6 Undesired Couplinn 

Tes t ,  opera t ing ,  and maintenance procedures and t e s t  and c a l i -  

b ra t ion  equipment should not by t h e i r  u se ,  r e s u l t  i n  t h e  undesired 

coupling of e l e c t r i c a l  energy from one element t o  another.  

of equipment which a r e  used i n  conjunction with each o the r  can 

sometimes cause unexpected f a u l t  pa ths  t o  ex is t  because of t h e  

way i n  which they  are connected or used. 

should be examined f o r  these condi t ions.  The avoidance of un- 

des i r ed  capac i t i ve  and inductive s torage  and discharge of e l e c t r i c a l  

energy i s  included i n  t h i s  requirement. 

4.2.7 Test Currents  

Items 

Equipment and procedures 

Tes t  equipment supplying t e s t  cu r ren t s  should be cur ren t -  

l imi t ed  t o  a value such t h a t  no a c t u a l  or p o t e n t i a l  hazards a r e  

c rea ted  by i t s  use.  Fai lure  modes of t e s t  equipment should,  i n  

a l l  cases ,  r e s u l t  i n  a t e s t  cu r ren t  l e s s  than t h e  non-hazardous 

t e s t  cu r ren t  l i m i t .  
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4.2.8 Fau l t s  t o  Ground 

Spec ia l  care  should be taken t o  prevent  p lus  fault-to-ground 

c i r c u i t s .  

4.2.9 Equipment Grounding 

Grounding of a l l  hardware ( inc lud ing  tes t  and maintenance 

equipment and ground support and f l i g h t  hardware) should be pro- 

vided t o  prevent  t h e  accumulation of hazardous charges and t o  

avoid hazards due t o  e l e c t r i c a l  storms. 

4.2.10 Phase and P o l a r i t y  Reversals 

During maintenance and i n s t a l l a t i o n  opera t ions ,  power phasing 

should be checked t o  avoid condi t ions lead ing  t o  phase r e v e r s a l s  

and c i r c u i t  or p o l a r i t y  reversa ls .  
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4.3 PNEUMATIC 

4.3.1 Relief Valves 

Relief valves  s e t  a t  110 percent  of t h e  system opera t ing  

pressure  should be i n s t a l l e d  and t h e  use of a valve o r  o the r  

r e s t r i c t i n g  device ,  e i t h e r  between t h e  pressure  and t h e  r e l i e f  

valve or downstream of t h e  r e l i e f  va lve ,  should be prohib i ted .  

Relief valves should be of s u f f i c i e n t  capac i ty  t o  r e l i e v e  t h e  

system f a s t e r  than t h e  source can p res su r i ze  it. 

4.3.2 Test  Pressure  Level 

Ali sources  of test  pressure should be reduced through p res -  

sure  r egu la to r s  t o  t h e  l eve l  t o  which t h e  t e s t  a r t i c l e  i s  t o  be 

subjected.  

4.3.3 Source Pressure Level 

Pressure gauges should be i n s t a l l e d  i n  t h e  p re s su r i z ing  

por t ion  of t h e  system such t h a t  t h e  source pressure i s  known a t  

a l l  times. Blocking valves should be placed downstream of c r i t i -  

c a l  gauges so t h a t  t h e  gauges can be t e s t e d  and shown t o  be operable  

before  s t a r t i n g  t o  pressurize  t h e  system f o r  t h e  tes t .  

4.3.4 Bleed Valves 

Bleed valves  should be i n s t a l l e d  i n  a r e a s  where entrapment 

of f l u i d  and gases can occur. 

4.3.5 Valve Disassembly 

Hand va lves  should be opened halfway p r i o r  t o  disassembly, 

t o  vent  any t rapped pressure.  
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4.3.6 Valve Consoles 

Valve consoles  should have a vent ing capab i l i t y .  

4.3.7 i s o l a t i o n  Valves 

Pressure  s to rage  tanks i n s t a l l e d  i n  t h e  system should have 

i s o l a t i o n  va lves  t o  provide independent shutoff  c a p a b i l i t y .  

4.3.8 Leak T e s t i n g  

Leak t e s t  crews should not  be allowed near  t he  t e s t  a r t i c l e  

u n t i l  t h e  p r e s s u r i z a t i o n  process has been completed and t h e  

v e s s e l  has s t a b i l i z e d  f o r  t en  minutes. 

4.3.9 Tank Damage 

R e l a t i v e l y  minor damage t o  tankage such as deep n icks  o r  

s c ra t ches  may cause explosive f a i l u r e  when t h e  tank i s  p res su r i zed .  

Small flaws can be progressive depending on metal  s t ra in  and type 

of load.  

spected f o r  such damage. 

be thoroughly analyzed f o r  poss ib l e  e f f e c t .  

4.3.10 Z l e c t r i c a l  In te r fe rence  

Tankage should be p ro tec t ed  from and r e g u l a r l y  i n -  

I f  damage i s  incu r red ,  t h e  system should 

A l l  p r e s su re  systems should be p rope r ly  sh i e lded ,  bonded, and 

grounded t o  prevent  s t a t i c  e l e c t r i c i t y  and random e l e c t r i c a l  i n t e r -  

ference from causing a malfunction. 

4.3.11 Pressure  Gauge Range 

(See Paragraph 4.2.9. ) 

The maximum d i a l  range of t e s t  system p res su re  gauges should 

be l imi t ed  t o  t h r e e  times the  working p ras su re  and t h e  gauge should 

operate  a t  mid-scale a t  n o r m a l  opera t ing  pressure .  
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4.3.12 Pressure Gauge Markings 

A l l  single-use gauges should be color-banded t o  show System 

Operating Range (green)  Marginal Range (yellow) and Eazardous 

Range ( red)  or i n  an equivalent manner. 

4.3.13 Pressure Component Proof T e s t i n g  

Proof t es t s  of equipment should be accomplished a t  t h e  appro- 

p r i a t e  proof p re s su re  and c e r t i f i e d  be fo re  running any f u n c t i o n a l  

t e s t s  a t  t h e  equipment operating p res su re .  

4.3.14 Addit ional  Proof Testing of Pressure Components 

Any items o r  components t o  be i n s t a l l e d  i n  pressure systems 

should be p roof - t e s t ed  and c e r t i f i e d  as co proof p re s su re  p r i o r  

t o  i n s t a l l a t i o n  both i n i t i a l l y  and subsequent t o  modification 

o r  r e p a i r .  This t e s t i n g  should a l s o  be accomplished when t h e  

system has been: 

A.  

B. Phys ica l ly  damaged. 

C. Damage i s  suspected. 

D. 

Subjected t o  extreme h e a t  o r  b l a s t  e f f e c t s .  

Visual  inspect ion i n d i c a t e s  excessive corrosion o r  

o t h e r  d e t e r i o r a t i o n .  

4.3.15 Proof T e s t i n g  Medium 

Whenever p o s s i b l e ,  proof p re s su re  t e s t i n g  should be done 

h y d r o s t a t i c a l l y .  
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4.3.16 Proof T e s t i n g  Precautions 

Vessels being subjected t o  p re s su res  t e n  percent  i n  excess 

of t h e  normal ope ra t ing  pressure or h ighe r ,  should be considered 

as a type of t e s t ing - to -des t ruc t ion  and proper  precaut ions should 

be taken t o  p r o t e c t  t h e  surrounding tes t  equipment from p o s s i b l e  

explosion of t h e  v e s s e l .  

4.3.17 High Pressure Flex Lines 

The use of high-pressure f l e x i b l e  l i n e s  should be avoided, 

except where a b s o l u t e l y  necessary and when used,  t h e  hoses should 

not  be longer  than required. 

4.3.18 F lex  Line Protect ion 

The ends of a l l  f l e x  l i n e s  should be closed with a b r i g h t  

colored cap o r  otherwise sealed when not  i n  use. 

4.3.19 Connector Mismates 

Di f f e ren t  t ypes  and/or s i z e s  of connections should be used 

f o r  f u e l  and ox id ize r  hoses t o  prevent  i nadve r t en t  loading of t h e  

wrong system. 

as p a r t  of t h e  ope ra t ing  procedures i n  case connectors can be 

A s p e c i a l  technique should be developed and included 

interchanged. 
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4.4 LIQUIDS 

4.4.1 Non-Cryogenic 

4.4.1.1 Personnel Indoctr inat ion 

The n a t u r e ,  handling c h a r a c t e r i s t i c s  and hazards of l i q u i d s  

should be thoroughly explained t o  a l l  personnel  working within 

t h e  immediate area.  

4.4.1.2 Control  Markings 

Fue l  and o x i d i z e r  con t ro l  d i s p l a y s  should be c l e a r l y  marked 

with d i s s i m i l a r  co lo r  coding and p o s i t i v e  p rov i s ions  made t o  

preclude i n a d v e r t e n t  operation of t h e  wrong switch. 

4.4.1.3 E l e c t r i c a l  Grounding 

P r i o r  t o  i n i t i a t i n g  any p r o p e l l a n t  t r a n s f e r  ope ra t ion ,  a l l  

system components and s t a t i c  grounding cab le s  should f i r s t  be 

a t t ached  t o  t h e  vehicle/equipment and then t o  ground. 

Paragraph 4.2.9. ) 

(See 
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4.4.2 Cryogenic 

4 .4 .2.1 Purging 

Systems must be purged before  t h e  in t roduct ion  of cryogenic 

l i q u i d s .  Purging ma te r i a l  must be compatible with t h e  system and 

the  f l u i d  normally used. 

4.4.2.2 Purging Medium 

Purging of cryogenic systems should be done with helium. If 

nit rogen i s  used i n  a hydrogen system the  temperature should be 

above -320 F t o  avoid t h e  poss ib l e  l i q u i f i c a t i o n  or f r eez ing  of 0 

t h e  ni t rogen.  

4.4.2.3 Contaminants 

Contaminants must be kept out  of cryogenic systems s i n c e  any 

contaminants will t e n d  t o  f r e e z e  i n  t h e  system, clogging, and 

jamming valves i n  addi t ion t o  c r e a t i n g  hazardous mixtures during 

a warm-up per iod.  

4.4.2.4 Mater ia ls  Compatibil i ty 

Any l u b r i c a n t s ,  s e a l s ,  t h read  packing, gaskets o r  substance 

which could come i n t o  contact wi th  a cryogenic should be compatible. 

4.4.2.5 Relief Valves 

Relief valves  should be i n s t a l l e d  i n  any sec t ion  of a v e s s e l  

o r  l i n e  where f l u i d  entrapment may occur. 

be i n s t a l l e d  i n  p a r a l l e l  with r e l i e f  valves .  

Burst  diaphragms should 

4.4.2.6 Blocking of Relief Valves 

The use of a valve o r  o ther  r e s t r i c t i n g  device e i t h e r  between 

the  pressure v e s s e l  and the r e l i e f  va lve ,  o r  downstream of t h e  

r e l i e f  valve should be prohibi ted.  
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4.4.2.7 Rel ief  Flow Capabili ty 

Rel ief  va lves  and bu r s t  diaphragms should be capable of 

vent ing s u f f i c i e n t  f low t o  handle both t h e  maximum inpu t  f low and 

t h e  flow c rea t ed  by temperature rises of t h e  cryogen. 

4.4.2.8 Design of Re l i e f  Devices 

No r e l i e f  va lves  o r  bu r s t  diaphragms except those which have 

been s p e c i f i c a l l y  designed t o  ope ra t e  a t  cryogenic temperatures 

should be used. 

4.4.2.9 Fail-Saf e Valves 

Fa i l - sa fe  va lves  should be used. ( F i l l - f a i l  c losed,  vent-  

f a i l  open) 

4.4.2.10 Rel ief  Valve Operating Level 

Rel ief  valves  should be set  t o  ope ra t e  a t  110  pe rcen t  of t h e  

system ope ra t ing  pressure.  

4.4.2.11 Burst  Diaphragm Operating Level 

Burst  diaphragms should be s e t  t o  operate  a t  120% of t h e  

system ope ra t ing  pressure.  

4.4.2.12 Relief Valves Functional Check 

Rel ief  va lves  should be checked f u n c t i o n a l l y  p r i o r  t o  

beginning each t e s t .  

4.4.2.13 Vacuum Jacke t  Relief 

Provis ions should be made f o r  r e l i e v i n g  t h e  vacuum p o r t i o n  of 

vacuum jacketed containers .  

4.4.2.14 F a c i l i t i e s  V e n t s  

V e n t s  i n  b u i l d i n g s  housing equipment us ing  hydrogen should 

be  loca ted  i n  t h e  c e i l i n g  and should never be closed. 
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4.4.2.15 Hydrogen Venting 

Hydrogen should be vented a t  low v e l o c i t y  t o  prevent bui ldup 

of s t a t i c  e l e c t r i c i t y  o r  au to ign i t ion .  

a burn pond wi th  continuous i g n i t i o n  should be used. 

s t a c k s ,  flame a r r e s t o r s  should be used. 

4.4.2.16 Trans fe r  Line Expansion 

For  high -Yolime ven t ing  

I n  ven t  

Transfer  l i n e s  should be designed f o r  expansion and con- 

t r a c t i o n  through t h e  complete range of temperatures encountered. 

4.4.2.17 Condensate on Transfer Lines 

Trans fe r  l i n e s  which a r e  un insu la t ed ,  o r  with l eak ing  i n -  

s u l a t i o n  may c o l l e c t  l i q u i d  air-oxygen mixtures which can be 

combustible. The condensate should no t  be allowed t o  b u i l d .  

4.4.2.18 Transfer L i n e  Connections 

Connections i n  cryogenic p ip ing  systems whenever p o s s i b l e ,  

should be welded. Quick connects should be avoided. S p e c i a l  

welding techniques should be used t o  prevent  oxidat ion.  Any 

material used t o  check welds should be compatible with t h e  cryo- 

genic  material. 

4.4.2.19 P o s i t i v e  Pressure on Containers 

Storage tanks and containers  should. be kep t  under p o s i t i v e  

p re s su re  t o  p reven t  t h e  infusion of o u t s i d e  contaminants. 

4.4.2.20 E l e c t r i c a l  Grounding 

Cryogenic shipping and s to rage  v e s s e l s  should be e l e c t r i c a l l y  

grounded. (See Paragraph 4.2.9. ) 
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4.4.2.21 E l e c t r i c a l  Devices 

Purged o r  s e a l e d  e l e c t r i c a l  devices  should not be replaced 

with explosion-proof devices during t h e  course of maintenance. Gas 

flow should be v e r i f i e d  on purged devices  and p o s i t i v e  p re s su re  

should be v e r i f i e d  on sealed devices .  

4.4.2.22 I n s u l a t i o n  Damage 

Immediate a t t e n t i o n  should be given t o  i n s u l a t i o n  damage. 

Over-pressurization can occur wi th  extreme r a p i d i t y  when t h e r e  i s  

a hea t  l e a k  t o  a s to red  cryogen. The p res su res  poss ib l e  run i n t o  

t h e  thousands of pounds. 

4.4.2.23 Low Temperature Instruments 

No instruments  should be used except t hose  b u i l t  e s p e c i a l l y  

f o r  use i n  l o w  temperature a p p l i c a t i o n s  and marked as such. 

4.4.2.24 Por t ab le  Test ing Equipment 

Por t ab le  t e s t i n g  equipment must be of a type s u i t a b l e  f o r  

u se  i n  hazardous gas areas.  
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4.5 HYDRAULIC 

4.5.1 Inac t ive  System 

No por t ion  of a hydraulic system should be allowed t o  remain 

under pressure  when it i s  i n a c t i v e  un le s s  t h e  system has been 

s p e c i f i c a l l y  designed f o r  such condi t ion.  

4.5.2 Preparat ion f o r  Maintenance 

Any system should be depressurized and drained before  it i s  

worked on. P a r t i c u l a r  care must be taken t h a t  low po in t s  i n  t h e  

system a r e  drained.  

4.5.3 F lex ib l e  Lines 

F lex ib l e  l i n e s  should be avoided. When they  a r e  necessary,  

they  should be a s  s h o r t  as poss ib l e .  

4.5.4 Mater ia l s  Compatibil i ty 

Gaskets,  packings,  and s e a l i n g  compounds should be compatible 

w i t h  t h e  hydraul ic  f l u i d  i n  t h e  system. 

4.5.5 Hydraulic F lu id  

Changes i n  t h e  type of f l u i d  i n  t h e  system should not be 

made unless  t h e  system i s  f i r s t  dra ined  and purged. 
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4.6 TRANSPORTING AND HANDLING 

4.6.1 Handling Procedures 

Procedures w r i t t e n  f o r  t'ne t r a n s p o r t a t i o n ,  p r o t e c t i o n ,  and 

handling methods f o r  any equipment which r e q u i r e s  s p e c i a l  t r a n s -  

p o r t a t i o n  because of i t s  size o r  f r a g i l e  p r o p e r t i e s ,  should be 

reviewed. 

4.6.2 Hoist ing Procedures 

Hoist ing procedures f o r  every p i ece  of equipment of unusual 

Centers of g r a v i t y  should be weight o r  s i z e  should be reviewed. 

l oca t ed  and marked s o  t h a t  components w i l l  no t  be ove r ly  s t r e s s e d  

during handling. The weight should a l s o  be s t a t e d  t o  enable 

adequate h o i s t i n g  equipment t o  be used. 

4.6.3 HoistinP Equipment 

Any h o i s t i n g  o r  handling equipment ( c ranes ,  t r a n s p o r t e r s ,  

s l i n g s ,  p a l l e t s ,  h o o k s ,  cables ,  e t c .  ) must be load-tested t o  

c r i t e r i a  designated by F a c i l i t i e s  Engineering a t  r egu la r  i n t e r v a l s .  

Cables should be inspected f o r  any breaks o r  s igns  of weakening. 

4.6.4 Makeshift Equipment 

No unplanned o r  makeshift equipment should be used a t  any t i m e  

during t h e  loading,  packing, o r  t r a n s p o r t i n g  of any i t e m s .  I f  t h e  

proper equipment o r  mater ia ls  a r e  not  a v a i l a b l e ,  no processing 

should be done u n t i l  they become a v a i l a b l e .  
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4.6.5 LoadinP and Unloadine; 

Whenever p o s s i b l e ,  the same personnel  should handle loading 

and unloading a t  any locat ion.  

4.6.6 Driver Requirements 

A l l  v e h i c l e s  should be operated by drivers who have been 

tested and c e r t i f i e d .  

4.6.7 Transportat ion Routes 

Over t h e  road rou te s  f o r  t r a n s p o r t a t i o n  should be s tud ied  

and pre-selected f o r  m a x i m u m  s a f e t y  and minimum accident  p o t e n t i a l .  

A l l  t unne l s ,  overpasses ,  bridges and s t r u c t u r e s ,  which could cause 

damage, must be pre-surveyed f o r  c learances and c e r t i f i e d  as 

passable  before  t h e  rou te  i s  s e l e c t e d .  Hours of t ravel  i n  some 

areas may have t o  be pre-selected t o  ensure s a f e  t r a n s p o r t a t i o n  

f o r  equipment. 

4.6.8 Confipuration of Transported A r t i c l e s  

\ A l l  openings on t h e  t r anspor t ed  equipment must be covered 

w i t h  seals o r  plugged t o  con t ro l  t h e  i n t e r n a l  environment of t h e  

s t age .  
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4.7 ORDNANCE 

The s torage,  handling, i n s t a l l a t i o n ,  and use of ordnance 

items should be i n  accordance with IGFC Document !'Ordnance 

Systems, Saturn V Launch Vehicle." 
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